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Description 



[COLOR CORRECTION CIRCUIT OF 
DISPLAY AND CORRECTION METHOD 
THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93105654, filed on March 4, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a color correction circuit. 
More particularly, the present invention relates to the 
color correction circuit of a display and correction method 
thereof for independently optimizing the operating volt- 
age range of red, green and blue color in the display. 

[0004] Description of the Related Art 

[0005] Ever since the discovery of liquid crystal materials in Eu- 
rope, researchers in the USA and Japan have continued to 
explore its physical properties and practical uses in real 



life applications so that new generations of flat panel liq- 
uid crystal display emerges from time to time. At present, 
various techniques for fabricating liquid crystal devices 
are used for manufacturing liquid crystal displays. More- 
over, the size and scale of LCD production is increasing 
continuously. Yet, the voltage-transmittance relationship 
for the three colors, namely red, green and blue, are so 
different that each color preferably has a corresponding 
gamma correction curve. In other words, three sets of 
gamma correction curves and hence three sets of digital/ 
analogue conversion circuits are preferably deployed in- 
side the data driving circuit of the LCD. However, incorpo- 
rating three sets of digital/analogue conversion circuits 
inside the data driving circuit not only increases the com- 
plexity of the integrated circuit significantly, but also in- 
creases overall production cost. Thus, most designs use a 
single gamma correction curve to service all three colors. 
[0006] Conventionally, the data on a liquid crystal display has 

been corrected a number of times. Among the corrections, 
the correction of color brightness is often referred to as a 
gamma correction. Fig. 5 is a block diagram showing the 
major components of a conventional liquid crystal display. 
The color correction circuit 500 of the display in Fig. 5 



comprises a data driving circuit 520 and an N-bit gamma 
correction circuit 530. 

[0007] a video source transmits N bit video data of the color red, 
N bit video data of the color green and N bit video data of 
the color blue to the data driving circuit 520. The data 
driving circuit 520 picks up the N bit video data of the 
color red, green and blue and then re-transmits these 
data to the N-bit gamma correction circuit 530 for correc- 
tion. The N-bit gamma correction circuit 530 corrects the 
N-bit video data of the three colors according to a pre- 
determined color data range in a lookup table under a 
gamma correction curve. Thereafter, the corrected data is 
transmitted back to the data driving circuit 520. Finally, 
the data driving circuit 520 drives the liquid crystal dis- 
play panel 540 using a driving voltage based on the cor- 
rected N bit video data. 

[0008] Because the conventional correction technique uses the 
same gamma correction curve for correcting the video 
data in all three colors, namely red, green and blue, the 
color data range is fixed. Hence, all three colors have the 
same driving voltage but a different transmittance. Con- 
sequently, the color temperature of white color may differ 
significantly in a different gray scale. Moreover, the differ- 



ence is non-adjustable. 
Summary of Invention 



[0009] Accordingly, the present invention is directed to a color 
correction circuit of a display capable of modulating N bit 
video data into N + l bit video data or greater than N+l bit 
video data and providing the voltages in every step ac- 
cording to a gamma color correction table so that each of 
the three colors including red, green and blue can have an 
independent gamma correction curve to improve perfor- 
mance of each color. 

[0010] The present invention is also directed to a method of cor- 
recting the colors in a display through modulating N bit 
video data into a N + M bit video data and providing the 
voltages in every step of the N + M bit video data so that 
the brightness and darkness level of each color is opti- 
mized to improve contrast. For better implement consid- 
eration, M may be chosen from natural numbers. 

[0011] According to an embodiment of the present invention, the 
color correction circuit is coupled to a video source and a 
display panel. The color correction circuit comprises a 
video look-up circuit, N+M bit data driving circuit and 
N + M bit data gamma voltage generating circuit. The video 
look-up circuit inside the color correction circuit modu- 



lates N bit video data from the video source into N+M bit 
video data according to a color look-up table. The modu- 
lated video data is transmitted to the N+M bit data 
gamma voltage generating circuit through the N+M bit 
data driving circuit. The N + M bit data gamma voltage 
generating circuit provides the voltages in every step 
based on the values in the gamma color correction table 
that corresponds to the N+M bit video data. 

[0012] According to one embodiment of the present invention, 
the N+M bit data gamma generating circuit is a gamma 
correction circuit. 

[0013] According to one embodiment of the present invention, 
the N+M bit video data comprises N + M bit video data for 
the color red. 

[0014] According to one embodiment of the present invention, 

the N+M bit video data comprises N + M bit video data for 

the color green. 
[0015] According to one embodiment of the present invention, 

the N+M bit video data comprises N + M bit video data for 

the color blue. 

[0016] According to one embodiment of the present invention, 

the liquid crystal display panel displays the corrected N+M 
bit video data. 



[0017] The present invention is also directed to a method of cor- 
recting the colors of a display. The method includes the 
following steps. After receiving N bit video data, the N bit 
video data is modulated into N+M bit video data accord- 
ing to a color look-up table. Thereafter, the voltage in ev- 
ery step is provided based on the values in a gamma color 
correction table that corresponds to the N+M bit video 
data. Finally, the voltages are used to drive the display 
panel. 

[0018] | n the present embodiment of the present invention, N bit 
video data from a video source is modulated into N + M bit 
video data. Therefore, through the voltages in every step 
produced by the N+M bit data gamma voltage generating 
circuit based on the gamma color correction table, each of 
the three colors including red, green and blue can have an 
independent gamma correction curve for improving color 
contrast. 

[0019] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0020] The accompanying drawings are included to provide a 



further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0021] pig. 1 is a block diagram showing the components of a 

liquid crystal display according to one embodiment of the 
present invention. 

[0022] pig. 2 is a flow diagram showing the steps for correcting 
the colors in a display according to one embodiment of 
the present invention. 

[0023] Fig. 3 is a graph showing the transmittance versus driving 
voltage curves of a color correction circuit according to 
one embodiment of the present invention. 

[0024] Fig. 4 is a graph showing the color look-up curves of a 
color correction circuit according to one embodiment of 
the present invention. 

[0025] Fig. 5 is a block diagram showing the major components 
of a conventional liquid crystal display. 
Detailed Description 

[0026] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 



possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0027] pig. 1 is a block diagram showing the components of a 

liquid crystal display according to one embodiment of the 
present invention. In the present embodiment, the color 
correction circuit 100 of the display modulates N bit video 
data into N+M bit video data and then provides the volt- 
ages in every step. Thus, each of the colors including red, 
green and blue can have its own gamma correction curve. 
In some cases, M could be chosen as 1 to simplify the to- 
tal calculation or table inspection. However, those with or- 
dinary artsshould know that the amount of added bits for 
any one of the video data could be N + M bits, wherein the 
number M is any natural number. The color correction cir- 
cuit 100 in Fig. 1 comprises a video look-up circuit 110, 
N + M bit data driving circuit 120 and N + M bit data gamma 
voltage generating circuit 130. The video look-up circuit 
110 is coupled to a video source and the N+M bit data 
driving circuit 120. The N+M bit data driving circuit 120 is 
coupled to the N+M bit data gamma voltage generating 
circuit 130 and a display panel 140. 

[0028] pig. 2 is a flow diagram showing the steps for correcting 



the colors in a display according to one embodiment of 
the present invention. As shown in Figs. 1 and 2, the 
video look-up circuit 110 picks up N bit video data of the 
color red, green and blue from the video source (in step 
s202). According to a built-in color look-up table, the N 
bit video data of the colors are modulated into N + M bit 
video data and then output to the N+M bit data driving 
circuit 120 (in step s204). On receiving the modulated 
N + M bit video data, the N+M bit data driving circuit 120 
transmit the video data to the N+M bit data gamma volt- 
age generating circuit 130. Thereafter, the N+M bit data 
gamma voltage generating circuit 130 provides the volt- 
ages at every step according to the values in a gamma 
color correction table that correspond to the N + M bit 
video data (in step s206). The N + M bit data gamma volt- 
age generating circuit 130 can be a gamma correction cir- 
cuit. However, the scope of the present invention is not 
limited as such. 

[0029] pig. 3 is a graph showing the transmittance versus driving 
voltage curves of a color correction circuit according to 
one embodiment of the present invention. Fig. 4 is a 
graph showing the color look-up curves of a color correc- 
tion circuit according to one embodiment of the present 



invention. To simplify explanation, the modulated video 
data in Fig. 4 has 9 bits. However, this should by no 
means limits the number of bits in the present invention 
as such. 

[0030] After receiving the N+M bit video data, the N+M bit data 
gamma voltage generating circuit 130 produces the volt- 
ages of every step based on the data range of red, green, 
blue as indicated in the gamma correction curves of Fig. 
4. Each color has its own video data range instead of all 
having the same data range. In other words, red has an 
independent gamma correction curve, green has an inde- 
pendent gamma correction curve and blue has an inde- 
pendent gamma correction curve after the correction. 
Thereafter, the N+M bit data gamma voltage generating 
circuit 130 outputs the corrected video data to the N+M 
bit data driving circuit 120. 

[0031] Finally, according to the corrected N+M bit video data, the 
N + M bit data driving circuit 120 produces the voltage de- 
manded by each color (as shown in Fig. 3, the voltage of 
each color at the same transmittance so that each color 
can have an optimal brightness level) to drive the liquid 
crystal panel 140 and display the corrected at least N+M 
bit video data. 



[0032] | n the embodiment of the present invention, the N+M bit 
video data comprises N+M bit video data for the colors 
red, green or blue, respectively. 

[0033] | n the embodiment of the present invention, the gamma 
correction curve of the colors red, green, blue can be in- 
dependently adjusted. Furthermore, through the adjust- 
ment of the gamma color correction table, the composi- 
tion of the three colors can be varied so that the white 
color in different gray scale can have the same color tem- 
perature. In other words, color deviation in different gray 
scales is greatly reduced. 

[0034] in the embodiment of the present invention, the red, 

green and blue video data each has its own driving volt- 
age. 

[0035] in summary, the advantages of the color correction circuit 
and correction method of the present invention includes: 

[0036] i. The three colors, namely red, green and blue, can be 
independently adjusted through their respective gamma 
correction curves. 

[0037] 2. Through the adjustment of the gamma color correction 
table, the composition of the three colors, namely red, 
green and blue, can be varied so that white color in differ- 
ent gray scales can have the same color temperature. 



[0038] 3. Each of the three colors, namely red, green and blue, 
operates in their own best voltage range so that the 
brightness and darkness level of each color is optimized 
to improve contrast. 

[0039] it W i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



